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Basic Investigations 
Effect of Electroacupuncture on Serum Copper, Zinc, Calcium and 
Magnesium Levels in the Depression Rats 
ZHOU Hai-hong ਼⍋㱍 1, LU Fan 䰚∢ 1, CHEN Shao-dong 䰜ᇥϰ 1, ZHOU Zhi-hua ਼ᖫढ 2,  
HAN Yong-zhu 䶽੣ネ 2, and HU Ji-yuan 㚵㑾⑤ 2 
Objective: To investigate effect of electroacupuncture (EA) on serum copper, zinc, calcium and magnesium levels 
in the rat models of depression.  
Methods: Forty healthy SD male rats were divided into a normal group, a model group, an EA group, and a 
maprotiline group, 10 in each with completely random. The depression models were prepared with isolated chronic 
unpredictable stress method in the latter three groups. EA was given at Baihui (GV 20), Yintang (EX-HN3), 
Fenglong (ST 40), and Taichong (LR 3) in the EA group from the second day of modeling, once every other day, 15 
min each time. The maprotiline group was administered intragastrically suspension of maprotiline (10 mg/kg), once 
each day. After treatment for 3 weeks, serum copper and zinc levels were detected with atomic absorption method, 
and the serum calcium with Arsenazo III method and magnesium with MTB method.  
Results: Compared with the normal group, the serum copper level (3.90±1.20mmol/L) significantly increased and 
the serum zinc level (2.08±0.44mmol/L) significantly decreased in the model group (P<0.05). Compared with the 
model group, the serum copper level (2.62±1.03mmol/L) significantly decreased, the serum zinc level 
(2.55±0.38mmol/L) significantly increased (P<0.05), but the serum calcium and magnesium levels did not 
significantly change in the EA group and the maprotiline group.  
Conclusion: EA can regulate the change of copper and zinc levels in the body induced by depression, which is 
possibly one of mechanisms of effectively improving depression symptoms. 
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Depression is characterized clinically by obvious and 
continuous low mood, hypoactivity, slow thinking and 
cognition function, etc., and it belongs to the categories 
of Yu Zheng (Depression), Bai He Bing (Lily disease), 
Zang Zao (Hysteria), etc. in Chinese medicine. In resent 
years, the authors have treated it with electroacupuncture 
(EA) and achieved good effect, and have found in 
experimental study that EA can improve the dysfunction 
of hypothalamic-pituitary-adrenal axis (HPAA) in 
depression rat models, and the mechanism is possibly 
related with its regulation on the functions of the 
enzymes related with cellular signal transduction 
pathway in the hippocampus.1 In the present study, the 
depression rat models were established with isolated 
chronic unpredictable stress method and the effect of EA 
on serum copper, zinc, calcium and magnesium levels 
was investigated with tetracyclic antidepressant map- 
rotiline used as control, to provide experimental basis for 
further probing into its mechanisms. 
MATERIALS AND METHODS 
Animal Grouping 
Forty healthy SD male rats, sanitary degree, weighing 
180–200 g, supplied by Laboratory Animals Center, 
Nanjing Medical University (License No. SCXK (㢣) 
2002-0031), were divided into a normal group with 
completely random, a model group, an EA group, and a 
maprotiline group, with 10 in each. 
Reagents and Instruments 1
Copper and zinc metal powders (made by Sigma Co.), 
calcium Arsenazo III and magnesium MTB kits (supplied 
by Sichuan MAKER Science and Technology Co. Ltd), 
WFX-IE2 atomic absorption spectrophotometer (Beijing 
RAYLEIGH Analytical Instrument Corp.), copper and 
zinc hollow cathode lamps (Beijing General Research 
Institute for of Nonferrous Metals), Hitach 7020 
full-automatic biochemical analyzer (Japan), G6805 
Electroacupuncture Instrument (Shanghai Huayi Medical 
Instrument Factory). 
Modeling 
The rats in the normal group were raised in cages, 5 in 
each, with free access to water and food, and did not 
receive any stimulation. Those in other three groups were 
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raised in single cages and received different stress 
stimulations for 21 days. The stimulation method 
improved on the basis of the method of Katz, et al.,2
included fasting for 48 h, not drinking water for 24 h, 
lighting at whole night for 12 h, swimming in cold water 
ć for 5 min, heating in an oven at 45 ć for 45 min, 
clipping the tail for 1 min, shaking at high speed (160 Hz) 
for 10 min, reversing day and night life, raising in damp, 
and flash stimulation (120 times/s) for 15 min, etc. One 
stimulation was randomly given each day, making the rat 
unable to predict for avoiding producing adaptability. 
Acupuncture 
In the EA group, EA was given at Baihui (GV 20), 
Yintang (EX-HN3), Fenglong (ST 40), and Taichong (LR 
3) with filiform needle one cun in length from the second 
day of modeling in reference to the literuture.3 After 
routine disinfection, Yintang (EX-HN3) was inserted 
obliquely backward and Baihui (GV 20) forward into a 
depth of about 4 mm, Fenglong (ST 40) was inserted 
vertically into a depth of about 5 mm, and Taichong (LR 
3) obliquely upward into about 4 mm in depth. The 
needle handles were connected to G6805 EA instrument, 
voltage 6 V, sparse-dense wave, frequency 40 Hz. The 
stimulation was limited to inducing a slight vibration of 
hind limbs with no scream. The needles were retained for 
15 min, and the treatment was given once every other 
day for 23 days. 
The rats in the maprotiline group were administered 
intragastrically suspension of maprotiline hydrochloride 
(national medicine license No.H19991047) in 10 mg/kg 
from the second day to the 23th days of modeling. For 
the model group and the normal group, equal volume of 
saline was given for 3 weeks. 
Determination of Serum Copper, Zinc, Calcium and 
Magnesium Contents 
After the rat was anesthetized with intraperitoneal 
injection of 10% chloral hydrate (0.36 mL/100 g), the 
abdomen was open and 5 mL blood was taken from 
abdominal aorta and was centrifuged at 4 ć , 3000 
rpmfor 10 min. The supernatant was taken for 
determination of copper, zinc, calcium and magnesium 
contents. Copper and zinc contents were determined with 
anatomic absorption method, calcium content with 
calcium Arsenazo III method, and magnesium content 
with magnesium MTB method according to the 
instrument and kit instructions. 
Statistics 
The data were expressed as ( xfs), and SPSS 11.5 
statistical software was used for one-way analysis of 
variance (ANOVA). P<0.05 was regarded as statistically 
significant difference. 
RESULTS 
Compared with the normal group, serum copper content 
significantly increased and zinc content significantly 
decreased (P<0.05) in the model group. Compared with 
the model group, the serum copper content significantly 
decreased and the zinc content significantly increased in 
both EA group and maprotiline group (P<0.05). There 
was no significant difference in serum calcium and 
magnesium contents among the 4 groups, and there was 
no significant difference in serum copper, zinc, calcium 
and magnesium contents between the EA group and the 
maprotiline group, as showed in the Table 1. 
Table 1. Comparison of serum copper, zinc, calcium, and magnesium contents among the groups ( xfs, n=10) 
Group Copper (ȝmol/L) Zinc (ȝmol/L) Calcium (mmol/L) Magnesium (mmol/L) 
Normal 2.50±0.18 2.62±0.39 1.39±0.27 2.99±0.46 
Model 3.90±1.20ǻ 2.08±0.44ǻ 1.25±0.14 2.95±0.23 
EA 
Maprotoline 
F value 
P value 
2.62±1.03
ˆ
2.66±1.28
ˆ
3.191 
0.007
 2.55±0.38
ˆ
 2.62±0.27
ˆ
2.215 
0.049
1.21±0.17 
1.22±0.07 
2.019 
0.060 
2.70±0.08 
2.79±0.09 
1.254 
0.293 
Notes: Compared with the normal group, ǻP<0.05; Compared with the model group,ˆP<0.05. 
DISCUSSION 
Traditional Chinese medicine holds that “the heart 
governs mental activities”, “the liver is in charge of 
alleviation of mental depression”, and their physiological 
functions are closely related with human mental 
activities, such as spirit, mood, consciousness, thinking, 
cognition, etc., and their dysfunction may induce a series 
of mental and cognition diseases. Attack of depression is 
closely related to dysfunction of heart, liver, spleen, 
particularly, failure of the liver in regulating the 
circulation of qi, stagnation of qi and blood stasis and 
failure of spleen in eliminating damp pathogen, phlegm 
pathogen misting lucid yang , interfering the house of 
mental activity, leading to the lucid yang unable to go up 
and the brain failing to get nourishment.4 Because the 
Governor Channel converges with the yang channels in 
the neck and goes up into the brain, it can govern yang qi
in the whole body and it is closely related with brain 
functions, and also “the head is the convergent site of 
yang channels”, and the channel-qi of the Governor 
Channel and all yang channels circulates in the head and 
goes into the brain, dysfunction of channel-qi of the 
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Governor Channel and the lucid yang failing to 
nourishing the brain also play an important role in attack 
of depression. According to the theory, “Diseases where 
a channel travels can be treated by acupuncture at points 
on the channel”, in the experiment, Baihui (GV 20) and 
Yintang (EX-HN3) which is located on the pathway of 
the Governor Channel on the head were selected for 
promoting the function of the Governor Channel, 
regulating qi and blood of the head, raising the lucid 
yang, restoring consciousness and inducing resuscitation. 
Taichong (LR 3), a Yuan-source point of the Liver 
Channel, could relieve the depressed liver, and Fenglong 
(ST 40), an important point for removing phlegm, was 
selected for removing phlegm to relieve depression. They 
jointly function to regulate qi to remove phlegm, relieve 
depression, and activate mental activities. 
In recent years, the studies on the relation between trace 
elements in the body and depression have been reported 
in succession. At present, it is confirmed that there is a 
close relation between zinc and depression. Studies 
indicate that treatment of depression rats with 
antidepressants (Citalopram and Imipramine) or electric 
shock can induce increase of zinc level in brain and 
serum. Imipramine or combination of Citalopram with 
zinc can significantly improve depression behavior, 
indicating that zinc has antidepressant function and/or 
strengthening effect of antidepressants.5-7   
There are few reports about relation between copper and 
depression. Chronic administration of Imipramine and 
Citalopram can significantly decrease serum copper level 
in rats, but with no change of the copper level in their 
brain. However, electric shock can significantly increase 
copper level in hippocampus and cerebellum, showing 
that the two anti-depressant therapies have different 
results and have possibly different anti-depressant 
mechanisms.8 It is found by scholars at home that the 
serum copper level in the depression patient is higher 
than that in the control group, and it is inferred that this 
is related possibly with influencing metabolism and 
degradation of dopamine, 5-hydroxytryptamine and 
noradrenaline.9
At present, there isn’t any report yet about effect of 
acupuncture in treatment of depression on relative metal 
elements in the body. The present study showed that 
serum copper level significantly increased and the serum 
zinc significantly decreased in the depression rats. EA 
had a good regulative action on serum copper and zinc 
levels in the depression rats with a similar effect degree 
of tetracyclic antidepressant maprotiline, but with less or 
no maprotiline-like anti-choline action. This result 
possibly has certain enlightenment for studies on 
pathogenesis of depression and development of anti-
depressants. In the study, relation of calcium and 
magnesium with depression is not proved.   
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